In this investigation 23 genotypes of wheat were tested for stability in 19 locations of North Western plains of the country, Yield data generated from the trials were analysed using AMMI analysis. The distribution of genotype by AMMI revealed that the genotypes 10,13, 20,12,15 and 14 scattered close to the origin, indicating minimal interaction of these genotypes with environments. Studied environments explained 57.2% of the total variation, whereas G and GxE captured 6.2% and 24.3%, respectively. First two principal components (PC1 and PC2) were used to create a 2dimensional GGE biplot and explained 26.4% and 14.3% of GGE sum of squares (SS), respectively. Environments of Karnal, Ludhiana and Gurdaspur fall in same sector with genotypes 23 & 16. The spearman correlations calculated based on ranks by stability methods varied from positive value 0.97 to negative correlation of 0.759. The cultivar superiority estimate (Pi) maintained negative correlation with other estimates ranking.
Introduction
Plant breeders pay much attention to understand the relationship between crop performance and environment. Phenotype is an output of genotype (G), environment (E) and their interaction GxE [Eberhart and Russell .1966 ]. Cross over type genotype environment interaction change genotype ranks in different environments, i.e., different genotypes is better in different environments [Yan and Tinker .2005 ]. The detection of GxE in multi location trials has led to the development of procedures for stability analyses [Lin et al .1986 ]. The numerous stability estimates are available to the researchers to deal with interaction effects appropriately. Stability is an important concept for plant breeders interested in analyzing GE data [Becker and Leon .1988 ]. Many statistical methods have been developed to analyze data from multi environment trials to gain understanding and useful interpretation of GxE interaction, with the ultimate aim of identifying promising cultivars with stability in crop improvement programs. Statistical methods that have recently received attention are pattern analysis [DeLacy et al .1996 ] and the additive main effects and multiplicative interaction (AMMI) model [Gauch and Zobel .1996 ]. The AMMI model incorporates both additive and multiplicative components of the two-way structure that can, more effectively, account for the underlying interaction [Shafii and Price.1998 ].
The extensive usefulness of GGE biplot has been elucidated in recent past [Yan and Kang.2003 ]. The GGE biplot is a multi-faceted tool in quantitative genetic analyses and plant breeding for GE analysis [Fan et al .2007 , Laffont et al .2007 ].
The objectives of the study were to (1) interpret G main effect and GxE interaction obtained by site regression analysis of yield performances of 23 bread wheat genotypes over 19 environments; (2) application of the GGE biplot technique to examine the possible discrimination of genotypes vis-a-vis environments; (3) visual assessment of yield variation across environments based on the GGE biplot and (4) application of biplot methods to determine discriminating ability and representativeness of the environments.
Materials and Methods
The twenty three genotypes of wheat were planted in research fields in randomized complete block designs with four replications in nineteen locations of North Western Plains zone of country during 2013-14 cropping season. More over the details on the experimental material and environments are given in Table 1 . The observations are conducted for important morphological traits further grain yield in all the environments were used for the detailed study. The combined analysis of variance on grain yield was conducted by Genstat 17.1 version software to determine the effect of environment (E), genotype (G) and GxE interaction. Rank correlation coefficients between pairs of stability estimates were computed via SAS 9.3 software. Wricke [1962] proposed the contribution of a genotype to the interaction sum of squares could be used as a measure of its stability and low ecovalence (W 2 i) value associated with relative high stability. where SSIPCA1 and SSIPCA2 are sum of squares by the IPCA1, IPCA2 respectively Geometric Adaptability Index (GAI) = in which 1 , 2, 3, … m are the mean yields of the first, second and mth genotype across environments and n is number of environments.
Results and Discussion
The ANOVA for grain yield in nineteen different environments is presented in Table 2 . There were significant differences (P<0.01) among the environments (E), genotypes (G) and G×E interaction as also reported by Asrat et al 2009. Significant E, G and G×E interaction explained 57.2%, 6.2% and 24.3% of the total sum of squares respectively. In the site regression analysis the first and second interaction principal component analysis (IPCA1 and IPC2) explained 6.4% and 4.5% of the G×E variation, respectively.
AMMI analysis
According to the AMMI, the genotypes are characterized as adaptable to all environments by means greater than grand mean and the IPCA score nearly zero. However, the genotype with high mean performance and with large value of IPCA score are consider as having specific adaptability to the environments [Asrat et al. 2009 ]. The IPC1 accounted for a total of 26.3% of the GE interaction. Genotypes G3 and G6 with mean yields greater than the overall mean and low IPC1 scores had a high combination of yield and stability performances ( Figure 1 ). Genotypes G2 and G4 were similar to G3 and G6 in the main effect but tended to contribute more to GE interaction. The two genotypes G9 and G18, with mean yields less than the overall mean and with the highest distance from the IPC1 tended to contribute highly to GE interaction and accordingly can be regarded as the most unstable genotypes.
The IPCA 1 versus IPCA 2 biplot explains the magnitude of interaction of genotype with environment. Genotypes and environments that fall into the same sector interact positively; for negative values fall into opposite sectors [Mahnaz et al, 2013] . A genotype showing high positive interaction in an environment obviously best suited to that environment. AMMI analysis permits estimation of interaction effect of a genotype in each environment and to identify suited genotypes for specific environmental conditions. Furthermore, Purchase et al. [2000] pointed out that for IPCA1 versus IPCA2 plot the more stable genotypes score lie close to the center of the biplot (Figure 2 ). The IPCA 1 component accounted for 26.3 % of G×E interaction, while IPCA 2 accounted for only 18.4%. Distribution of genotype revealed that the genotypes, 10, 13, 20, 12, 15 and 14 scattered close to the origin, indicating minimal interaction of these genotypes with environments ( Figure 2 ). The remaining genotypes scattered away from the origin were more sensitive to environmental interactive forces. Interaction of genotypes with specific environmental conditions was judged by projection of genotype points on to environment spokes. On this basis, the genotype 19 in Delhi, 6 in Uchani, 1&11 in Gurdaspur 12 & 3 in Bhatinda, hence exhibited specific adaptation with environments.
GGE analysis
The polygon is created by involving the number of genotypes that are further away from the biplot source such that all other genotypes are restricted in the polygon [Yan et al.2003 ]. The vertex genotype in each sector is the best genotype at environment whose markers fall into the respective sector [Yan et al, 2007] . Environments within the same sector share the same wining genotype and environments in different sector have different winning genotypes. The perpendicular lines between adjacent genotypes divide the biplot into sectors (Figure 3 ). An interesting feature of this view of a GGE biplot is that the vertex genotypes for each sector has higher (some time the highest) yield than the others in all environments that fall in the sector. Karnal, Ludhiana, Gurdaspur fall in same sector with genotypes 23 & 16. More over Durgapura and Bhatinda have positions together on other sector with genotypes 1 & 11. Whereas the Faridabad center falls in other sector with genotypes 22, 9 and 2 ( Figure 3 ).
An ideal genotype has the highest mean and be absolutely stable [Yan et al.2003 ]. Such an ideal genotype is having the greatest vector length of the high-yielding genotypes and with zero GE (or highest stability), as represented by the dot with an arrow pointing to it. An ideal genotype 20 is located at the center of the concentric circles in Figure 4 . The ideal genotype is stable because its projection on the ATC y-axis is near zero. Other genotypes closer to ideal genotypes are more favorable. The 14 and 13 were near to the ideal genotype. Ranking of other genotypes based on the ideal genotype was 7 > 2 > 3 > 4. In other words, the lower yielding genotypes 18 & 2 were unfavorable because they are far from the ideal genotype.
Comparison of statistical methods in the ranking of genotypes
The ranks for 23 tested genotypes in 19 environments based on each of the statistical methods mentioned above are given in Table 3 .
Comparison of the statistical methods based on the ranks showed that the methods generally gave similar results in the ranking of genotypes as reported by Mohammadi et al. 2010. For example, the five top-ranked genotypes based on Gm were G20, G12, G13, G16, and G14; based on the ASV were G10 followed by G2, G12, G5, and G15; based on GAI were G20, G12, G13, G16 and G14; and based on the static stability were G10, G2, G5, G14, and G20.
Relationships among the statistical methods
Significant rank correlations were found between ranking of genotypes for stability estimates (Table  4 ).With respect to yield, the stability estimates were significantly correlated in the ranking of genotypes [Mozaffar et al. 2014 ]. The correlations varied from positive value 0.97 to negative correlation of 0.759. The cultivar superiority estimate maintained negative correlation with other estimates ranking. Wricke estimate ranking showed direct positive significant correlation between ranks by Gm, ASV and GAI. This indicates that AMMI agreed most closely in ranking genotypes for yield.
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